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ABSTRACT
Whereas the June through to September southwest summer monsoon season over the Indian subcontinent has been the
main focus of research, the October through to December northeast monsoon season over south peninsular India has
received less attention. Hence, this study focuses on the northeast monsoon rainfall (NEMR) variability using historical
data for a 131 year period (1871–2001) and its relationship with the neighbouring Indian Ocean sea-surface temperature
(SST).
Based on the observed available rainfall data, a time series of NEMR over the coherent south peninsular India has been
developed. Similarly, an index to quantify the Indian Ocean dipole mode (IODM), exhibiting warm (cool) waters over the
equatorial western (southeastern) Indian Ocean, has been developed using GISST data for the same period. The dynamics
of the NEMR–IODM relationship are examined with the National Centers for Environmental Prediction–National Center
for Atmospheric Research reanalysis data.
Interannual and decadal variabilities in NEMR reveal alternate epochs of above- and below-normal rainfall. The epochs
tend to last for about a decade or two. Rainfall epochs near the equatorial Indian Ocean tend to last for about a decade.
No long-term trends in NEMR are noted. On the other hand, the decadal variability in the IODM reveals a dominance of
the negative phase during the earlier decades (1880–1920) and a positive phase during recent decades (1960–2000), with
suppressed activity in between. Long-term variability in the IODM clearly reveals an increasing trend, which could be
related to greenhouse warming. Further, the NEMR variability is enhanced during the decades when the IODM exhibits
its active phase, and is suppressed during the decades when the IODM is inactive.
The NEMR and the IODM are directly related, suggesting that the positive (negative) phase enhances (suppresses)
the northeast monsoon activity. During the positive phase, the anomalous flow pattern shows winds converging and
suggesting moisture transport from the southeast Indian Ocean and the Bay of Bengal towards south peninsular India.
In contrast, the negative phase reveals winds diverging and transporting moisture away from the south Indian region.
The anomalous SST and circulation features associated with the positive IOD/excess rainfall and negative IOD/deficient
rainfall are consistent and clearly bring out the coupled ocean–atmosphere dynamics over the Indian Ocean. These results
show the direct influence of the IODM phenomenon on the interannual and decadal NEMR variability over south India.
Copyright  2004 Royal Meteorological Society.
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1. INTRODUCTION
Over major parts of the Indian subcontinent the southwest summer monsoon period (June through to
September) is the principal rainy season. However, during the autumn, the zone of maximum rainfall migrates
to southernmost India, Sri Lanka and the neighbouring seas. Hence, the main season of rainfall over the
southern parts of India is the northeast monsoon during the October through to December period. This
season is also termed the retreating (southwest) monsoon season or the post-monsoon season. It is a major
period of rainfall in south peninsular India, in particular the southeastern parts. The rainfall in this season
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determines the agricultural production in this area. A considerable decrease in agricultural production over this
region has been noted during seasons of below-normal northeast monsoon rainfall (NEMR; Rao Krishna and
Jagannathan, 1953). Whereas the variation of the southwest monsoon has been widely studied, as documented
by numerous publications, the NEMR over south peninsular India has received much less attention, with a
limited number of publications (e.g. Doraiswamy, 1946; Rao Krishna and Jagannathan, 1953; Rao, 1963; Rao
and Raghavendra, 1971; Ramaswamy, 1972; Srinivasan and Ramamurthy, 1973; Dhar and Rakhecha, 1983;
Krishnan, 1984; Raj and Jamadar, 1990; Sridharan and Muthusamy, 1990; Singh and Sontakke, 1999; Kumar
et al., 2003). Therefore, it is worthwhile examining the NEMR over a long period and investigate whether
the abnormalities in the past are related to any specific cause.
This entire region is sheltered by the Western Ghats (orographic barrier along the west coast of India) from
the full blast of the rain-bearing winds of the southwest monsoon. Therefore, there is not much rain over
this region during the southwest monsoon. With the retreat of the southwest monsoon and the reversal of the
pressure and wind distribution, which occurs at the beginning of October, a trough of low pressure becomes
established in the south Bay of Bengal. The passage of westward-moving low-pressure waves occasionally
intensifies this trough. Depressions and cyclonic storms occasionally form in the trough of low pressure over
the south Bay of Bengal. This type of situation forces equatorial maritime air in sufficient depth towards
south India, causing widespread rainfall. During the northeast monsoon, the coastal (interior) districts get
about 60% (50%) of the annual rainfall (Rao Krishna and Jagannathan, 1953).
The Indian Ocean (IO) surrounds the southern part of India. Since a considerable amount of moisture comes
from the oceans, it is reasonable to assume that the sea-surface temperature (SST) anomalies and wind over
the oceanic area would have a marked influence over the weather and climate of India and Sri Lanka (Suppiah,
1988). The relationship between the October–November rainfall over Sri Lanka and the SST anomalies over
the IO is positive and significant (Suppiah, 1988). Recent studies (Saji et al., 1999; Webster et al., 1999) have
pointed out that a unique ocean–atmosphere mode exists in the IO, with anomalous warm SSTs over the
western IO and anomalous cold SSTs in the eastern IO. This mode induces an unusual rainfall distribution
in the surrounding areas, and is termed the IO Dipole Mode (IODM). This dipole mode modulates the Maha
(September–October) rainfall over Sri Lanka (Saji and Yamagata, 2003a; Zubair et al., 2003), which lies
at the middle of the dipole. Since the southern part of India is also situated approximately near the centre
of this mode, and since the mode peaks in the September–November period and the rainfall peaks in the
October–December period, i.e. both peak during boreal autumn with a lag of 1 month, it is logical to expect
the influence of this dipole mode on NEMR variability.
Hence, the influence of the IODM on extreme NEMR is examined by correlation and composite analysis.
The circulation and SST features associated with the active dipole phases and the extreme monsoon phases
are determined. A comparison is made to ascertain whether a particular dipole phase has any bearing on the
extreme monsoon phase.
The arrangement of the text is as follows. The data sets used are detailed in Section 2. The NEMR
variability is examined in Section 3 and the IODM variability in Section 4. The relationship between the
NEMR and IODM is investigated in Section 5. The method adopted is correlation and composite analysis.
The normal circulation features in the lower troposphere and the anomalous circulation associated with the
active dipole (positive and negative) and extreme monsoon phases (excess and deficient) are determined
and their similarities/differences (if any) compared. The National Centers for Environmental Prediction
(NCEP)–National Center for Atmospheric Prediction (NCAR) reanalysis data sets developed by Kalnay
et al. (1996) are used to examine the circulation features. The anomalous SST fields over the IO in relation
to the active dipole and extreme rainfall phases are also determined and compared. Finally, Section 6 gives
a summary of this study.
2. DATA
Figure 1(a) shows the spatial distribution of rainfall over India during the October–December season
computed from the subdivisional rainfall data (based on the period 1871–2001). Whereas rainfall over
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Figure 1. (a) Spatial distribution of the October through to December rainfall (mm). Isolines are drawn at intervals of 50 mm. (b)
Shaded area denotes the coherent region over south peninsular India, the region of rainfall analysis in this study
northwest India is less than 50 mm, it is more than 450 mm in the extreme southeast sector. Meteorological
subdivisions in south India receiving greater than 150 mm rainfall during this period are identified in
Figure 1(b) by the shaded area. Hence, the monthly rainfall data for these seven meteorological subdivisions
over the southern parts of India for the months of October through to December for the 131 year period
1871–2001 have been downloaded from the Website of the Indian Institute of Tropical Meteorology
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(www.tropmet.res.in). The original station rainfall data required for the subdivisional averages are obtained
from the India Meteorological Department.
The intercorrelations between the seasonal rainfalls of these seven meteorological subdivisions are positive
and highly significant, indicating that the rainfall over the different meteorological subdivisions varies in the
same sense. Thus, the whole of this region can be considered to be fairly coherent. Averaging the rainfall
of these seven subdivisions has generated a time series of NEMR over the coherent shaded area shown in
Figure 1(b). The mean NEMR is 312 mm, with a standard deviation of 84 mm and coefficient of variation
of 27%. This series can be considered as a measure of the intensity of the northeast monsoon over south
peninsular India.
An index to quantify the IODM has been proposed by Saji et al. (1999). This is the difference in
SST anomaly between the tropical western IO (10 °S–10 °N, 50–70 °E) and the tropical southeastern IO
(10 °S–equator, 90–110 °E). The location of the two blocks is shown in Figure 2. The standardized monthly
time series for the IODM for the period January 1871 through to December 2001 has been derived from the
monthly GISST data (Rayner et al., 1996). From the monthly data, seasonal time series for summer (June,
July, August: JJA) and autumn (September, October, November: SON) are prepared, since the mode initiates
in summer, peaks in autumn and decays thereafter. This data set is also utilized to examine the anomalous
SST fields over the IO.
The NCEP–NCAR reanalysis data set (Kalnay et al., 1996) for 1000 hPa vector winds for the period
1958–2001 is used to examine the circulation features. Large-scale circulation features over the Indo-Pacific
region are very well depicted by this data set (Kim et al., 2002; Kripalani et al., 2002, 2003). We focus
on the lower tropospheric winds, because wind variations at lower levels reflect variations of corresponding
convective heating better than upper-level circulation.
No time filters are applied to any of the above data sets to remove any periodic variations; neither are
techniques applied to remove the influence of other phenomena (such as El Nin˜o–southern oscillation: ENSO),
since, in the real atmosphere, the IODM, ENSO and monsoons are part of a very large coupled process and
not expected to behave in isolation.
3. INTERANNUAL AND DECADAL NEMR VARIABILITY
The NEMR series has been subjected to statistical techniques to investigate the variations on interannual
and decadal time scales. The lag-1 autocorrelation is insignificant, suggesting that the series is free from
the Markovian type of persistence. However, the positive autocorrelation (0.034) suggests that the biennial
Figure 2. Map showing the location of the two blocks over the western IO and the southeast IO. The magnitude of the IODM is
represented by the standardized SST difference over these two blocks
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component is absent, which is inherently present in the southwest monsoon rainfall (Meehl, 1997; Kripalani
and Kulkarni, 2001)
Long-term changes are examined with the Mann–Kendall rank statistic (WMO, 1966); the value of this
statistic τ is 0.02, which is insignificant (τ0.05 = 0.12, τ0.01 = 0.16). Thus, no long-term trends are detected.
Figure 3 (upper panel) shows the year-to-year standardized rainfall depicting interannual variability for the
period 1871–2001. Although there are year-to-year random fluctuations, there appears to be no systematic
climate change or trend in the series. The most prominent variations on the interannual scale are between
the so-called good rainfall seasons with above-average rainfall and the poor seasons with deficient rainfall.
These can be inferred from Figure 3. A careful examination of these extreme events (excess and deficient
monsoons) provides useful information. Such standardized series of observed rainfall could serve as a useful
guide while reconstructing climate variability from historical sources and other proxy records. Here, we define
an excess (deficient) season when the standardized NEMR is greater (less) than +1.0(−1.0).
The short-term decadal climate fluctuations have been studied by applying Cramer’s test for the 11-year
running means (WMO, 1966). The computational procedure is explained in WMO (1966) and Kripalani
et al. (2003). This statistic, which compares the 11-year means with the overall mean, has been used to
isolate periods (if any) of above- and below-average rainfall. The 11-year Cramer’s t-statistics are presented
in Figure 3 (lower panel). The most striking features are the epochs of above- and below-normal rainfall.
The epochs tend to last for about a decade or two, which is less than for the southwest monsoon rainfall,
where the epochs tend to last for about three decades. Generally, the rainfall epochal regimes closer to the
equatorial belt tend to last for a decade (Kripalani and Kulkarni, 1997). Although the variability during the
earlier decades (1880–1920) and the recent decades (1980–2000) appears to be large, the variability during
the in between period appears to be small (Figure 3, lower panel). Whether this behaviour is part of the
natural variability or related to IO variability is examined next.
Figure 3. Variability of the NEMR. Year-to-year standardized NEMR depicting interannual variability (upper panel) and the values of
Cramer’s t-statistic for the 11-year running means depicting decadal variability and the epochs of above- and below-normal rainfall
(lower panel). Values are plotted at the centre of the 11 year period
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4. IODM AND ITS VARIABILITY
The normal IO is warm in the east and cool in the west, associated with westerly winds blowing towards
Indonesia. The IODM is characterized by anomalous cooling of SSTs in the southeastern equatorial IO off
Sumatra and an anomalous warming in the western equatorial IO (Saji et al., 1999). In response to these SST
changes, cooler waters in the eastern IO give rise to easterly winds along the equator, enhancing the cooling in
the eastern equatorial IO and promoting warming in the western equatorial IO (Webster et al., 1999; Saji and
Yamagata, 2003b). Further, in response to this, convection over the eastern (western) tropical IO is suppressed
(enhanced) as the easterly wind anomaly over the central IO is intensified (Iizuka et al., 2000). This state
of the IO is identified as a positive IODM event, which develops rapidly in boreal summer and peaks in
boreal autumn. The intensified reverse situation, i.e. warm (cool) SST anomalies over the southeast (western)
equatorial IO is termed the negative IODM.
4.1. Interannual and decadal variability
The standardized IODM series for summer and autumn have been subjected to similar statistical techniques
as applied to the NEMR series. The lag-1 autocorrelations (0.107 for JJA and −0.025 for SON) are not
significant, suggesting that the IODM series is free from the Markovian type of persistence. However, the
negative autocorrelation for autumn suggests that the biennial component is inherent over the IO during the
period when the IODM peaks. The values of the Mann–Kendall rank statistic, τ = 0.15 for JJA and τ = 0.13
for SON, are significant at the 5% level and indicate a long-term increasing trend. Whether this increasing
trend is related to greenhouse warming (Houghton et al., 2001) needs a separate investigation.
The standardized IODM values and the values of Cramer’s t-statistic for the 11-year running means for
summer are depicted in Figure 4 and for the autumn season in Figure 5. Whereas the standardized values
show random fluctuations, Cramer’s t-statistic reveals interesting results. The decadal variability for summer
(Figure 4, lower panel) reveals that the mode was on the negative side during the period prior to 1920;
thereafter, most of the time it has been on the positive side. However, for autumn (Figure 5, lower panel) the
period prior to 1920 has been on the negative side and the recent 40 year period after 1960 has been on the
positive side. Whereas the mode appears to be inactive during 1920–50 period for the autumn season, it is
on the positive side for the summer season. The differences observed in the decadal variability for summer
and autumn during 1920–50 and the general increasing trend of the mode may be due to global warming,
instrumental errors or different data sources used to derive SST reconstructions. However, the fact that NEMR
variability is large (1880–1920, 1980–2000) when the mode is in its active phase (1880–1920, 1960–2000),
and the fact that NEMR and IODM variability appears to be suppressed during the 1920–50 period, suggests
that the two may be connected in some way. Further, since the NEMR and IODM series are generated from
different sources, we speculate that the behaviour cannot be attributed to instrumental or data errors.
Table I. Standardized difference in SST anomalies between the
tropical western IO and tropical southeast IO for the autumn
(SON) season depicting IODM intensity. Listed are the seven
active positive and negative events
Year Positive IOD Year Negative IOD
1961 2.66 1958 −2.01
1963 2.03 1959 −1.24
1967 1.63 1960 −1.77
1972 2.59 1964 −1.36
1982 1.26 1975 −2.20
1994 2.70 1996 −2.24
1997 3.07 1998 −1.77
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Figure 4. As Figure 3, but for summer (JJA) IODM
5. RELATIONSHIP BETWEEN NEMR AND IODM
The search for the relationships usually involves the calculation of a sample cross-correlation function for the
pairs of time series. The 11-year sliding correlation of NEMR with the JJA and SON dipole index exhibits
secular variations (figures not presented). During the recent 40 year period, the correlation coefficient with
the summer (autumn) index is around +0.3 (+0.2). Though the correlations are not strong, the positive
relationship implies that the positive phase of the mode is conducive to northeast monsoon activity. Both the
warmer western pole and the colder eastern pole, by virtue of their immediate presence near the southern
parts of India, may modulate the circulation, forcing moisture inland.
Another way to understand the dynamics involved in the NEMR–IODM relationship is to determine the
large-scale circulation features associated with the active dipole phases and the extreme monsoon phases. A
comparison of these anomalous flow patterns can give us an idea whether a particular dipole mode has any
impact on the extreme monsoons. Before the circulation features associated with the extremes are examined,
the climatology of the wind vectors at the 1000 hPa level for the summer (JJA), autumn (SON) and the
northeast monsoon season (OND) are depicted in Figure 6. While the southwesterly flow is evident during
the summer (Figure 6, upper panel), westerly flow over the equatorial IO (equator–10 °N, 60–90 °E) towards
Sumatra prevails, suggesting cooler (warmer) waters over the western (eastern) parts of the IO during autumn
(Figure 6, central panel). Easterly/northeasterly winds over the Bay of Bengal approaching the southeast Indian
peninsula are clearly visible during the OND season (Figure 6, lower panel). The changes observed in these
normal flow patterns due to the active dipole or extreme monsoon phases are examined in subsequent sections.
5.1. Circulation associated with active dipole phases
To examine how the above-discussed patterns change with IODM extremes, years have been identified for
the extreme positive and negative phases of the mode using objective criteria. For the data period 1958–2001
there are 7 years (1961, 1963, 1967, 1972, 1982, 1994 and 1997) where the standardized dipole index during
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Figure 5. As Figure 3, but for autumn (SON) IODM
autumn is greater than +1.0. Similarly, 7 years (1958, 1959, 1960, 1964, 1975, 1996 and 1998) are identified
with an index less than −1.0. These active dipole events are listed in Table I. For the sets of positive
and negative dipole indices identified, composite anomalies for the 1000 hPa vector winds are computed
to examine the changes in the normal circulation flow over the IO sector. The anomalies are prepared by
subtracting the climatology based on the 1958–2001 period from the 7-year means. Contrasting circulation
features are evident, and only the results for the SON season are presented in Figure 7.
Figure 7 (upper and centre panels) shows the vector wind composite anomalies at the 1000 hPa level for
the positive and negative IODMs respectively. A comparison of these panels reveals remarkable opposite flow
patterns for the two extremes of the dipole index over the IO region. Strong easterly/southeasterly anomalies
prevail between 10 °S and 10 °N over the equatorial IO region for the positive phase of the dipole mode, and
westerly anomalies exist for the negative phase of the dipole mode.
The easterly anomalies with the positive phase are larger in magnitude and heavily concentrated over
the equatorial IO, suggesting that the temperature contrast between the warmer waters over the western IO
and the cooler waters over the eastern IO associated with the positive phase is much steeper than for the
cooler (warmer) water over the western (eastern) IO for the negative phase. This can also be inferred from
Table I. Whereas the average index for the seven extreme positive events is +2.3, it is −1.8 for the negative
extremes. The wind pattern associated with the positive phase suggests a transfer of moisture from the eastern
IO towards the southern parts of India. Another notable feature observed during the positive phase is an
anomalous anticyclonic circulation over the Bay of Bengal with a centre around 12.5 °N, 87.5 °E. The easterly
anomalies at the southern edge of this anticyclone will also support moisture convergence over the southern
parts of India.
However, the flow pattern associated with the negative phase of the mode suggests moisture transport away
from the southern parts of India. Thus, the positive (negative) phase of the mode supports (inhibits) transport
of moisture convergence towards India enhancing (suppressing) rainfall activity.
Copyright  2004 Royal Meteorological Society Int. J. Climatol. 24: 1267–1282 (2004)
MONSOON RAINFALL VARIABILITY AND INDIAN OCEAN DIPOLE 1275
Figure 6. Normal summer (JJA), autumn (SON) and northeast monsoon (OND) season 1000 hPa vector winds (m/s) depicting the
seasonal circulation patterns
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Figure 7. Composite seasonal 1000 hPa vector wind anomalies (m/s) for autumn during the positive (upper panel) and negative (central
panel) phases of the IODM. Light (dark) grey shading illustrates the significance of the difference between the above two panels at
95% (99%) confidence level determined from the two-tailed Student’s t-test (lower panel)
The difference between the above two composites is tested by a two-tailed Student’s t-test and is shown
in the bottom panel of Figure 7. Regions of significance have been shaded. The composites clearly show a
significant difference over the IO sector and south peninsular India. Hence, in the subsequent analysis, the pos-
itive (negative) phase of the IODM is identified by easterly (westerly) anomalies over the equatorial IO sector.
Copyright  2004 Royal Meteorological Society Int. J. Climatol. 24: 1267–1282 (2004)
MONSOON RAINFALL VARIABILITY AND INDIAN OCEAN DIPOLE 1277
5.2. SST anomalies associated with active dipole events
To examine the information on the ocean forcing, SST anomaly patterns for the positive and negative IOD
phases are depicted in Figure 8 based on the extremes in Table I. Cold SST anomalies near the Sumatra coast
and in the eastern IO, and warm SST anomalies in the region of central and western IO, are associated with
the positive phase of the dipole (Figure 8, upper panel). The contrast between the SST anomalies over the
western and eastern IO is obvious. Thus, the anomalous westward low-level winds (Figure 7) in response to
the anomalous zonal gradient of SST (Figure 8) will increase the moisture transport towards southern India
and enhance atmospheric convection.
For the negative IOD phase, warm SST anomalies over the southeast IO and cold anomalies over the
western IO are seen (Figure 8, central panel). These composites also show significant differences over the
western and southeast IO (Figure 8, lower panel). However, the contrast between the SST anomalies over the
two poles is less steep compared with the positive phase.
Put together, Figures 7 and 8 clearly reveal that the east–west SST anomalies in the IO are coupled to the
atmospheric circulation (Saji et al., 1999; Webster et al., 1999; Saji and Yamagata, 2003b). These changes
in the SST cause local air–sea interactions in the region. Thus, this anomalous coupled ocean–atmosphere
phenomenon generated over the tropical IO could produce atmospheric and oceanic changes and influence
the regional climate conditions.
5.3. Circulation features associated with extreme NEMR phases
One of the important features of the northeast monsoon circulation over the Indian subcontinent is the
establishment of the northeasterly winds over the Bay of Bengal during the OND season (see Figure 6, lower
panel). Another feature is the weak westerly winds over the equatorial IO. We first identify monsoon extremes
(years with excess and deficient rainfall) from the period 1958–2001. Based on these extremes, composite
anomalies for the 1000 hPa vector winds are prepared. The anomalous flow patterns associated with these
two sets of extremes will give us an idea whether the circulation features over the IO sector are similar to
these seen for the dipole mode phenomenon (Figure 7).
The mean NEMR is 312 mm, with a standard deviation of 84 mm. Table II shows the seven heaviest
rainfall years (excess monsoons) and seven lowest rainfall years (deficient monsoons) during the 1958–2001
period. The composite anomalies for these two sets of years for the OND season are shown in Figure 9.
Anomalous southeasterly/easterly winds prevail over the equatorial IO from the Sumatra coast during the
excess monsoons. Northeasterly/easterly winds prevail over the Bay of Bengal. Both these wind systems
converge over southern parts of India, in particular over the southeast peninsula. This flow will result in
an anomalous moisture convergence over south India. On the other hand, the composite anomalies for the
deficient season show westerly wind anomalies over the equatorial IO and anomalous northwesterly flow over
the Bay of Bengal. Both the wind systems, from the central IO and from the Bay of Bengal, converge over
Sumatra, suggesting moisture transport towards Sumatra. This flow will inhibit rainfall activity over southern
parts of India.
Again, the differences of the above composites are tested by a two-tailed Student’s t-test (Figure 9, lower
panel). Shaded areas denote the regions of significance. Significant areas over the central and eastern IO are
common in Figures 7 and 9. However, Figure 9 also points towards the area over the north and southeast
Arabian Sea and the Bay of Bengal off the Orissa coast, where significant t values can be noted. It is probable
that these areas continued to be warmer than normal, resulting in delayed withdrawal of the monsoon or higher
cyclonic activity during the excess years.
A comparison of the upper panels of Figures 7 and 9 reveals that the flow pattern converges over south
India, resulting in moisture convergence over this area and enhancing monsoon activity. Thus, the positive
dipole phase is favourable for excess rains. A similar comparison of the central panels of Figures 7 and 9
shows flow patterns converging and exporting moisture towards Sumatra, away from the southern parts of
India. Thus, the negative phase of the dipole phenomenon inhibits rainfall activity.
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Figure 8. As Figure 7, but for SST anomalies (°C)
5.4. SST anomalies associated with extreme NEMR phases
Again, to examine the ocean forcing associated with these extreme monsoons, SST anomaly patterns
for these two sets of years are shown in Figure 10 for the SON season only to facilitate comparison with
Figure 8. Though these patterns show warm (cold) SST anomalies over the western and central (southeastern)
IO for the excess monsoons and the opposite for the deficient monsoons, the contrast between the SST
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Table II. Seven extreme excess and deficient NEMR
Excess NEMR Deficient NEMR
Year Rainfall (mm) Year Rainfall (mm)
1966 441.9 1959 238.8
1969 417.2 1965 223.0
1977 472.0 1974 214.9
1987 441.0 1984 232.9
1993 475.8 1988 131.3
1994 419.1 1989 183.7
1997 416.4 2000 219.2
anomalies over the western and eastern IO is not as striking as associated with the dipole phenomenon
(Figure 8), in particular for the deficient rainfall (Figure 10, central panel). Even the area of significance has
reduced considerably (Figure 10, lower panel). However, a comparison of Figures 9 and 10 also conveys
ocean–atmosphere coupling.
6. SUMMARY
A study to determine the interannual and decadal variability of the NEMR over south peninsular India and
the IODM is carried out using long data series for the 1871–2001 period. Further, the influence of the dipole
mode on the NEMR variability is examined using an empirical approach. The observed rainfall data are used
as a measure of the intensity of the northeast monsoon, GISST data are used to define the IODM strength,
and the NCEP–NCAR data are used to understand the dynamics of the NEMR–IODM relationship. The
main conclusions of this study are as follows:
1. Whereas the interannual variability of NEMR shows random fluctuations, the decadal variability shows
alternate epochs of above- and below-normal rainfall. The epochs tend to last for a decade or two. No
long-term trends are detected.
2. The decadal variability of the dipole mode clearly reveals an increasing trend.
3. The NEMR rainfall variability appears to be enhanced during the decades when the dipole is active and
suppressed during the decades when the dipole is inactive.
4. The lower-troposphere anomalous flow pattern for the positive phase of the dipole and the anomalous flow
related to the excess monsoons are similar, showing winds converging towards south India. The convection
arising from the convergence leads to enhanced monsoon activity over south India. This is also supported
by the positive correlation between NEMR and the IODM.
5. The anomalous flow patterns associated with the negative IODM phase and deficient monsoons are similar,
revealing winds diverging from the southern parts of India and converging and transporting moisture
towards Sumatra.
6. The anomalous SST patterns associated with the positive IOD/excess rainfall and negative IOD/deficient
rainfall are consistent, and these along, with the circulation features, clearly depict the coupled
ocean–atmosphere dynamics over the Indian Ocean.
Thus, the enhancement of NEMR by the positive dipole phase is due to the anomalously warm SSTs in
the western IO, cool SSTs in the eastern IO and the associated large-scale convergence extending towards
south India. The suppression of the NEMR by the negative phase is due to the anomalously cold SSTs in the
western IO, warm SSTs in the eastern IO, and the associated divergent circulation and transport of moisture
towards Sumatra, away from south peninsular India. These results show the direct influence of the IODM
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Figure 9. As Figure 7, but for the excess and deficient rainfall during the October through to December season
phenomenon on the NEMR variability during the boreal autumn, the main rainfall season and the season with
the strongest IODM intensity.
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Figure 10. As Figure 8, but for the excess and deficient rainfall
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